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What is already known
• Urethrocutaneous fistula is a well-known complication of hypospadias surgery. A recent prospective study sug-
gested that caudal anesthesia might increase the risk of fistula formation in children.
What this article adds
• Our case series that reviewed patients over a 19-year period showed that the use of caudal regional anesthesia in
children undergoing primary hypospadias repair was not associated with urethrocutaneous fistula formation.
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Summary
Background:Urethrocutaneous fistula is a well-known complication of hypo-
spadias surgery. A recent prospective study by Kundra et al. (Pediatr Anesth
2012) has suggested that caudal anesthesia may increase the risk of fistula for-
mation. We sought to evaluate this possible association and determine if any
other novel factors may be associated with fistula formation.
Methods: Children who underwent primary hypospadias repair between Jan-
uary 1, 1994 and March 31, 2013 at our tertiary care center were included in
this study. Reviewed surgical data included repair type, duration of proce-
dure, use of local anesthetic infiltration, and subcutaneous epinephrine. Anal-
gesic factors included use of caudal and/or penile block, opioid usage,
postoperative pain scores, and nausea/vomiting. Postoperative surgical com-
plications and estimates of family household median income by zip code were
also reviewed.
Results: Fistula occurrence was not associated with caudal or penile block,
severity of postoperative pain, or surgeon experience. A more proximal loca-
tion of the urethral meatus, longer operating time, and use of subcutaneous
epinephrine were significantly more common in patients who developed fis-
tula. As assessed by home address zip code, distance of more than 100 miles
and median household income in the bottom 25th percentile of our study
population were not associated with fistula, as compared to closer distance or
higher income.
Conclusion: In this series, we found no association between the use of caudal
regional anesthesia and fistula formation. Location of the starting urethral
meatus, prolonged surgical duration, and subcutaneous epinephrine use were
associated with fistula formation. Our findings call into question the routine
use of epinephrine in hypospadias repair.
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Introduction
Hypospadias repair aims to straighten the phallus and
create a urethral opening on the glans with resultant
acceptable cosmesis. While these aims seem straightfor-
ward, it is a highly technical procedure that remains
associated with significant complications such as meatal
stenosis, urethral fistulae, and strictures. Urethrocutane-
ous fistulae are among the most troublesome complica-
tions with rates ranging from 4% to 28% being reported
in recent years (1–3), and the reoperations necessary to
correct this carry financial, social, and possibly neuro-
cognitive harm to the patient and family (4,5).
The formation of fistulae is unequivocally associated
with the original location of the urethra (1,3). The more
proximal the starting point, the greater the risk of fistu-
lae. Surgeon volume, use of vascularized tissue interpo-
sition, and older patient age (>4–10 years) may also be
factors (3,6,7). In addition, recent data from Kundra
et al. (8) in 2012 demonstrated an association between
use of caudal epidural blocks and fistula formation. This
finding was attributed to penile engorgement, a known
consequence of caudal epidural blocks. These investiga-
tors theorized that increased penile edema could result
in inadequate or delayed tissue healing; however, they
did not specifically assess for this. In addition, this study
included children in the care of urologic or plastic sur-
geons, a factor that was not accounted for in their analy-
sis. Therefore, we reviewed our series of children who
underwent primary single-stage hypospadias repair
under the care of academic pediatric urologic surgeons
with an aim to evaluate multiple factors, including those
related to anesthesia as proposed by Kundra et al.,
which may influence fistula formation.
Methods
Children who underwent primary hypospadias repair
performed by a fellowship-trained pediatric urologist
between January 1, 1994 and March 31, 2013 at our ter-
tiary care center were included in this retrospective,
nested case–control study. Institutional review board
approval was obtained with a waiver of consent for the
use of retrospective, de-identified data. All cases of fistu-
lae were identified by independent chart review of chil-
dren who had undergone multiple repairs, and the
diagnosis was validated by a secondary, independent
review by an investigator blinded to the first. As the rec-
ognition of fistula formation may not occur for up to
6 months following repair (9), only cases performed
more than 6 months prior to the initiation of data
review were included. Two controls for every case of fis-
tula were randomly selected from the remaining list. The
subjects were excluded if they underwent multi-staged or
buccal flap repairs, or had disorders of sex development,
connective tissue, or bleeding disorders.
Reviewed data included preoperative, surgical, analge-
sic, and postoperative data. Preoperative data included
age, medical history, surgeon experience (time since grad-
uation of residency), and location of urethral opening.
Urethral opening was defined as distal (at the glans/shaft
junction or just beneath the glans), proximal (at or proxi-
mal to the penoscrotal junction), or midshaft. Patient zip
code was collected to evaluate socioeconomic factors,
including median income by zip code and distance from
our center. Median income by zip code was found by ref-
erencing United States Census data (10). Surgical data
included repair type, duration of procedure, use of local
anesthetic infiltration with or without subcutaneous epi-
nephrine, and placement of urinary catheter. Analgesic
factors included use of caudal (0.25% bupiva-
caine  epinephrine) and/or penile block (1% lidocaine
or 0.25% bupivacaine  epinephrine), intraoperative
and postoperative opioid usage, postoperative pain
scores (i.e., FLACC behavioral scores (11)), and nausea/
vomiting. Postoperative data reviewed the first and last
postoperative clinic visits, focusing on infection, hema-
toma, meatal stenosis, and fistula formation, as well as
time to any subsequent urologic procedure.
Statistical analyses
Univariate analysis using chi-square test with Fisher’s
exact tests, as appropriate, were used to evaluate the
association between fistula occurrence and various peri-
operative and socio-demographic factors. Variables of
interest from the univariate analysis were placed in a
multivariate logistic regression model of a predefined
subgroup consisting of only distal tubularized repairs to
standardize the cohort. All tests were two-sided, and P
values <0.05 were considered significant. The data were
analyzed using SPSS version 22 (IBM Corporation, Ar-
monk, NY, USA).
Results
Forty-five cases of fistula were identified and 90 controls
were randomly selected from the remaining 1647 hypo-
spadias procedures that met screening criteria as likely
single-stage hypospadias repairs in the database. Char-
acteristics of the study sample are summarized in
Table 1. There were no statistically significant differ-
ences between the fistula and control groups with regard
to age or ASA physical status. The sample consisted pri-
marily of healthy ASA 1 patients undergoing repair of
distal hypospadias using the tubularized incised plate
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approach. All patients were circumcised during the
repair. Caudal analgesia was provided for 101 patients
and only one caudal failure was noted, defined as an
increase in HR ≥ 15% following incision. Six surgeons’
cases were included in the dataset, all having both fistula
and control patients. Surgeon experience was not differ-
ent between the fistula and control group (162.6  74.4
vs 166.7  73.2 months, P = 0.763).
Table 2 describes the univariate analyses comparing
perioperative factors between outcome groups (children
with vs without fistula). These analyses showed that fis-
tula occurrence was not associated with age, caudal or
penile block, severity of postoperative pain, or surgeon
experience. A more proximal location of the urethral
opening, longer operating time, and use of subcutaneous
epinephrine were more common in patients who devel-
oped fistula. An association between local anesthetic use
and fistula was not found to be significant after exclud-
ing those who received epinephrine in the local infiltra-
tion (P = 0.452). The mean volume of local anesthetic
with or without epinephrine use was 1.9 ml (1.94 ml,
range: 0.2–10 ml).
Hematoma, urinary tract, and wound infections were
rare occurrences, but found only in the fistula group.
Wound infections were found to have a statistically sig-
nificant association with fistula formation (Table 2).
The patients with fistula had slightly higher total periop-
erative opioid consumption compared with controls
(mean difference: 0.05 [95% CI 0.02–0.09] mgkg1 oral
morphine equivalents P = 0.004). There were no statisti-
cally significant differences between the fistula and con-
trol groups with regard to postoperative vomiting or
severe pain (FLACC ≥ 5).
Given the marked differences between the control and
the fistula group in opening of urethra, we sought to
study a more homogenous group in a post hoc fashion.
Including only the subgroup that underwent tubularized
repair of distal urethral openings, we created a logistical
regression model to examine the predictive power of the
covariates of interest (i.e., caudal analgesia, subcutane-
ous epinephrine, and surgical duration) on the outcome,
fistula formation. To account for potential differences
between surgeons, we included a coded surgeon variable
at a second step in our model. The first step of this
model was significant (v2 = 38.44; P < 0.001), showing
significant main effects for subcutaneous epinephrine
and duration of the procedure, but not for use of caudal
analgesia (Table 3). Adding the surgeon covariate to the
model at step 2 did not improve the model, but reduced
slightly the effects of the covariates.
Socioeconomic factors including the median income
and travel distance to hospital were evaluated using
home address zip code. Travel distance >100 miles or
median household income in the bottom 25th percentile
of our population dataset (≤$40 702) was not associated
with fistula compared with closer travel distance ([95%
CI 0.266–1.783], P = 0.496) or higher income ([95% CI
0.393–2.014], P = 0.835).
Discussion
Urethrocutaneous fistula formation after hypospadias
repair is a costly and troublesome complication for both
the patients and the surgical providers. While changes in
surgical technique have significantly decreased the over-
all rate of fistula formation over the last two decades
(12–14), identifying specific modifiable risk factors is
necessary to further improve the outcomes for children.
To address this issue, we retrospectively reviewed pri-
mary hypospadias repairs at our tertiary care institution.
We found that fistula formation was associated with
longer surgical duration and, in keeping with the litera-
ture, a more proximal location of the urethral opening
(1,3). In addition, the use of subcutaneous epinephrine
was also identified as a risk factor for fistula formation.
Alternatively, we found no association between the cau-
dal analgesia use and the urethrocutaneous fistula for-
mation, in contrast to Kundra’s study (8). Their
proposed mechanism of action, being that caudal anal-
gesia promotes penile edema, has not been previously
described. In contrast, it could be argued that a decrease
Table 1 Study population characteristics
Age (years) Median years  SD
Control group 1.56  1.55
Fistula group 1.92  2.79
n (%)
Hypospadias location
Distal 114 (84.4)
Midshaft 8 (6)
Proximal 13 (9.6)
Analgesic technique
Caudal 101 (74.8)
Penile block 22 (16.3)
Local infiltrate 84 (62.2)
Subcutaneous epinephrine 72 (53.3)
Surgical repair type
Tubularized incised plate 107 (79.2)
Meatal advancement and glanuloplasty (MAGPI) 26 (19.3)
Preputial island onlay 2 (1.5)
Postoperative complications
Urinary tract infection (UTI) 1 (0.7)
Wound infection 3 (2.2)
Hematoma 1 (0.7)
Vomiting/retching 5 (3.7)
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in peripheral edema might be expected in infants, given
the increase in cardiac output and decrease in systemic
vascular resistance demonstrated with epidural adminis-
tration of bupivacaine (15). The association between the
urethral fistula and the caudal analgesia that Kundra
et al. identified, while concerning, may instead reflect
other, more important factors not controlled for by the
authors. For example, they did not control for either
surgical service or surgical technique when comparing
the caudal analgesia with penile block. Surgical tech-
nique has been implicated in urethral fistula formation
by previous studies (1,16) and calls into question the
finding of the Kundra study.
To our knowledge, this is the first association shown
between subcutaneous epinephrine infiltration and ure-
thral fistula formation in hypospadias in humans. Sub-
cutaneous epinephrine and tourniquets are used in
hypospadias surgery to reduce bleeding in the operative
field, improve surgical visualization of delicate struc-
tures, and decrease hematoma formation. Ischemia/rep-
erfusion injury is a concern with either technique, and
can lead to poor outcomes (17). While the vasoconstric-
tive properties of epinephrine help with hemostasis, it
lowers subcutaneous wound oxygen tension (18) and
may jeopardize tissue healing. Catecholamines can
negatively affect macrophage function (19), which is
Table 2 Associations between perioperative factors in patients with and without fistula following hypospadias repair
Variable
Fistula No fistula
OR (95% CI) P-valuen % n %
Analgesic factors
Caudal 32 71.1 69 76.7 0.749 (0.334–1.682)b 0.483
Penile Block 9 20 13 14.4 1.481 (0.580–3.781)b 0.410
SC local  epinephrine 37 82.2 47 52.2 4.231 (1.775–10.089)b 0.001*
SC local with epinephrine 34 75.6 38 42.2 4.230 (1.904–9.397)b <0.001*,**
SC local without epinephrine 3 6.7 9 10
Location
Distal 25 55.6 89 98.9 0.014 (0.002–0.110)b <0.001*
Proximal/midshaft 20 44.4 1 1.1
Surgical factors
Mean surgical duration (min) 156.3 90.1c <0.001*
Mean surgical experience (months) 162.6 166.7c 0.763
Composite: local/regional
With SC epinephrine
No regional technique 5 11.1 3 3.3 0.560b
Penile block 5 11.1 4 4.4
Caudal 24 53.3 30 33.3
Caudal and penile block 0 0 1 1.1
Without SC epinephrine
No regional technique 1 2.2 6 6.7 0.019b
Penile block 2 4.4 8 8.9
Caudal 6 13.3 38 42.2
Caudal and penile block 2 4.4 0 0
Patient factors
Median age (days) 482 (282–789) 407 (283–594)c 0.343
Postoperative issues
Urinary Tract Infection 1 2.4 0 0.0 1.024 (0.977–1.074)a 0.344
Wound infection 3 7.1 0 0.0 1.077 (0.990–1.171)a 0.039*
Hematoma 1 2.4 0 0.0 1.023 (0.979–1.069)a 0.333
Vomiting/Retching 3 6.8 2 2.3 3.073 (0.494–19.115)a 0.208
Postoperative Pain (FLACC score)
None/mild (0–4) 33 73.3 59 65.6 0.692 (0.314–1.526)a 0.361
Moderate/severe (≥5) 12 26.7 31 34.4
SC, subcutaneous.
aFisher’s exact two-sided test.
bChi-square test.
cStudent’s t-test.
*Statistically significant result (P < 0.05) **vs all patients not receiving epinephrine.
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necessary for wound healing (20). Stratford et al. (21)
showed that the use of subcutaneous epinephrine at the
operative site in a guinea pig model was associated with
increased wound infection. They proposed that epineph-
rine-induced vasoconstriction resulted in tissue hypoxia,
interfering with the ability of macrophages, neutrophils,
and other innate defense mechanisms from protecting
damaged tissue, leading to wound breakdown. A study
by Kajbafzadeh et al. (22) compared different hemostat-
ic techniques in a rabbit model of hypospadias repair
using the index of apoptotic myocytes and tissue remod-
eling under electron microscopy. These techniques
included continuous vs intermittent tourniquet applica-
tion and injection of epinephrine vs saline into the repair
site. While both tourniquet application and epinephrine
use caused urethral wall tissue damage, as compared
with no hemostatic technique, cellular damage and the
number of apoptotic myocytes were significantly higher
following epinephrine hemostasis. The only urethral fis-
tula was found in the epinephrine arm of the study,
although this difference lacked power to show signifi-
cance. They postulated that compared with tourniquet
application, epinephrine use likely created an environ-
ment of ischemia for an unknown and uncontrolled
duration causing prolonged ischemia and tissue damage.
As a result, it can be hypothesized that this more exten-
sive tissue damage may leave the tissue more susceptible
to fistula formation. In light of these investigations and
our results, the association between epinephrine and
urethral fistula calls into question the routine use of sub-
cutaneous epinephrine in hypospadias surgery.
We also found that increased duration of surgery is
associated with urethral fistula formation. One possible
explanation is that longer operating time indicates a
more difficult repair. Longer cases are also more likely
to have proximal defects. The creation of a neourethra
for a proximal repair is more extensive and requires
longer suture lines, which increases the risk for urethral
fistula. Unexpected anatomical or procedural issues may
also predispose to both increased length of surgery and
likelihood for urethral fistula.
Hypospadias repair is a highly technical operation that
requires a skilled and experienced surgeon. Higher surgeon
case volume is associated with lower morbidity and
improved patient outcomes across a number of surgical
procedures (23). Lower surgeon volume has been impli-
cated to play a role in postoperative hypospadias complica-
tions such as meatal stenosis, urethral fistulae, and
strictures (6). For many patients, access to a ‘center of
excellence’ where skilled fellowship-trained pediatric urolo-
gists perform high volume of hypospadias repairs is limited,
especially in rural areas. While some prior studies have
shown that travel distance negatively affects health out-
comes (24), others have shown the opposite (25). We did
not find an increase in urethral fistula formation in patients
traveling >100 miles from their home to our medical center.
Our findings suggest that traveling to a ‘center of excellence’
can be done successfully without an increase in procedure-
specific complications for highly technical and less com-
monly performed surgeries, such as hypospadias repair.
Our results also showed no association between the
median income and the urethral fistula. Given the shortage
of both generalists and specialists in poorer rural areas, the
benefit of traveling even long distances to high volume cen-
ters for a technical treatment such as hypospadias surgery
may be good for the patient and also cost effective.
Strengths/limitations
We reviewed 19 years of data containing a large series of
cases, which allowed us to examine multiple different out-
comes. Our data were rigorously reviewed by trained
reviewers, and subjected to secondary chart review by
blinded investigators. This high-quality review was used
to ensure the integrity of our findings, and is a notable
strength of our study. The potential for selection bias,
Table 3 Two-step logistic regression model examining the effects of perioperative factors on fistula development in children undergoing distal
tubularized repair
Risk factor
Step 1 Step 2
v2 = 38.44; df (3); Nagelkerke r2 = 0.537;
P < 0.001
v2 = 1.18; df (1); Nagelkerke r2 = 0.55;
P = 0.276
Odds ratio 95% CI P-value Odds ratio 95% CI P-value
Anesthetic
Caudal 0.28 0.06, 1.45 0.129 0.27 0.048, 1.48 0.132
Surgical
Use of subcutaneous epinephrine 7.44 1.4, 40.7 0.021 5.12 0.83, 31.36 0.078
Intraoperative issues
Duration of procedure (min) 1.04 1.02, 1.06 <0.001 1.04 1.01, 1.06 0.001
Surgeon 0.42 0.09, 1.98 0.275
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underreporting of outcomes, and loss to follow-up, how-
ever, are potential limitations of our retrospective study.
In addition, we did not examine some potential risk fac-
tors for fistula, including the presence and the severity of
chordee or type of urethral dressing utilized, which may
impact hemostasis, swelling, blood flow to the tissue, and
increase susceptibility to tissue ischemia. Among the six
different surgeons who performed the hypospadias
repairs, selection bias might have occurred. We did not
match for surgeon, and noted significant inter-surgeon
variability in distribution of fistula cases and controls. To
address the differences between the control and fistula
groups, we studied a more homogenous sample in a post
hoc fashion by doing a subgroup analysis of the patients
who underwent tubularized repair of distal urethral open-
ings. Finally, the retrospective nature of this study limits
the ability for us to show a causal relationship between
the subcutaneous epinephrine and the urethral fistula for-
mation. Prospective trials are necessary to confirm
whether the subcutaneous epinephrine use in hypospadias
surgery is a risk factor for urethral fistula formation.
Conclusion
Hypospadias repair is a highly technical procedure
performed to move the urethral meatus to the glans
penis and improve penile cosmesis. While improve-
ments have been made, urethrocutaneous fistulae
remain a problematic complication of repairs. We
found no association between the use of caudal regio-
nal anesthesia and fistula formation. Location of the
urethral opening, increased surgical duration, and sub-
cutaneous epinephrine use were associated with fistula
formation in this series. This last observation calls into
question the routine use of epinephrine in hypospadias
repair surgery and is a potentially modifiable risk fac-
tor. The travel distance from home to the surgical cen-
ter and the median income were not significant factors.
This suggests that tertiary care involving technical
interventions, such as hypospadias repair, can effec-
tively be carried out despite long distances and wide
variations in local health care quality, possibly result-
ing in improved outcomes when focused at ‘centers of
excellence’.
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